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Abstract

Background: Thyroid-stimulating hormone (TSH) is a member of the vertebrate glycoprotein hormone
family [1]. It's secreted from pituitary cells as heterodimers composed of an alpha and a beta- subunit.
The thyrotrophic cells that secrete TSH are preferentially located in the anteromedial and anterolateral
portions of the pituitary. Objective: We performed a phylogeneticanalysis ofthe TSH, and phylogram of the
maximum likelihood relations between TSH coding sequences of five representative species. Methods:
We extracted the available DNA and protein sequences for TSH from the NCBI databank. Searched for
regions presenting sequence similarities to the constituent domains of TSH — alpha and beta-subunits
- with the Blastall command ftp://ftp.ncbi.nim.nih.gov/blast/db/ website, pairs of sequences were
compared on the basis of their global alignment with the Myers & Millers algorithm manpages.ubuntu.
com/manpages/karmic/mani, and the phylogenetic reconstructions were performed online by using
a maximum likelihood method with PhyMyL 3.0 software on the website file (http://www.phylogeny.
fr/). Results: The comparison of the phylogenetic trees that we obtained compared with those studies
previously published revealed similar subclusters with high protein homology. Conclusion: This study
demonstrates that human TSH is structurally related to TSH of the species analysed, Bos taurus, Mus
musculus, Canis lupus familiaris, and Cyprinus carpio, respectively.
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INTRODUCTION
Thyroid-stimulating hormone (TSH) is a member portions of the pituitary gland and is a regulator
ofthe vertebrate glycoprotein hormone family.®) It of thyroid function. The synthesis of TSH is
is a heterodimeric 28-kDa-glycoprotein hormone controlled by the hypothalamic neuropeptide
released from the anteromedial and anterolateral TSH-releasing hormone, and normal human
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TSH molecule contains an alpha-subunit with two
oligosaccharide chains and a beta-subunit with
one oligosaccharide chain. Each subunit contains a
terminal sialic acid and a sulfate residue that confer
TSH binding and biological activity.® The alpha and
beta subunits of TSH have functionally important
domains associated with TSH receptor binding and
activation.

The human TSH protein structure has been
studied in detail (Figure 1). The TSH alpha-
subunit gene is composed of a g92-amino acids
protein, and the coding sequence of the TSH beta-
subunit gene predicts an 118-amino acid protein.
6 Human pituitary TSH oligosaccharides are
complex-type structures and end predominantly
with SO 4GalNAc(B1-4)GlcNAcB1 but also with
NeuAc(a2-3 or a2-6)Gal(B1-4) GIcNAcB1.@

Figure 1- Structure of the human Thyroid-stimulating hormone protein
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Source: Mariusz W. Szkudlinski et al. Physiol Rev. 2002;82:473-502

The TSH is a regulator of thyroid function. An
increase or decrease of TSH defines the thyroid
hormone concentrations. In humans, mice and
fish, thyroid hormone levels determine the basal
rate of metabolism and overall energy expenditure.
6 In other species, such as Senegalese sole,©®
amphibians,” urochordateas,® amphioxus® and
lamprey,(® thyroid hormones play a critical role in
the metamorphosis from larvae to juveniles.

Many studies have used bioinformatics tools to
analyzethe evolution of proteins and genes, and such
tools may be useful in this context.® Phylogenetic
analyses based on molecular tools are helpful to
distinguish the origin of species, understand and
clarify their evolutionary history, and provide a
genetic basis. We conducted a phylogenetic analysis

of the TSH human molecule and compared it with
the genome sequences of other vertebrates.

MATERIALS AND METHODS

SEQUENCE EXTRACTION

We extracted the available DNA and protein se-
quences for TSH from the NCBI databank (http://
www.ncbi.nlm.nih.gov) website for five species: hu-
man [GenBank:AAA36782.1, GenBank:AAB05845.1,
GenBank:AAA61235.1], Mus musculus [Gen-
Bank:AAA40494.1, GenBank:AAAg6700.1], Bos
taurus [GenBank: AAA30796.1], Canis lupus familia-
ris [GenBank: AAD42900.1], Cyprinus carpio [Gen-
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Bank: BAA20082.1]. We first translated the DNA
sequence to obtain a putative amino-acid sequence.

SEQUENCE HOMOLOGY

We searched for regions presenting sequence
similarities to the constituent domains of TSH -
alpha-and beta-subunits - with the Blastall command
(ftp://ftp.ncbi.nlm.nih.gov/blast/db/)
version 2.2.19. Pairs of sequences were compared

website,

on the basis of their global alignment with the
Myers & Millers algorithm manpages.ubuntu.com/
manpages/karmic/mani. Results were generated in
a separate text file containing alignment diagrams,
scores, degrees of identity, similarity, and gaps. We
used ClustalX software (ftp://ftpigbmc.u-strasbg.
fr/pub/ClustalX/) website for analysis of multiple
alignments of three or more sequences. The results
were exported to a separate text file, but without
information about the score, because it was not
possible to use more than two sequences for score
calculation with Compositional Matrix Adjust.

PHYLOGENETIC ANALYSIS

Phylogenetic analysis based on molecular tools
is helpful to distinguish the origin of species,
understand and clarify their evolutionary history,
and provide a genetic basis for selective study.

The phylogenetic reconstructions were performed
online using a maximum likelihood method with

PhyMyL 3.0 software(? on the website file (http://
www.phylogeny.fr/). A range of analyses, from
simple p distance to multiparameter models with
gamma correction, were used. The significance ofthe
phylogenetic tree was assessed by bootstrapping,
with 500 iterations. The Jones-Taylor- Thornton
(JTT) model of amino-acid sequence evolution,
with gamma correction, was used for distance
estimation.™ In each case, the distance was
validated with 500 bootstrap replications.

Mapping the genomic neighborhoods of TSH
genes was performed with region overview on NCBI
genome browsers.

GENE STRUCTURE

The gene structure was performed on-line by SWISS-
MODEL using website file (http://swissmodel.
expasy.org/). SWISS-MODEL is a fully automated
protein structure homology modelling server. The
purpose of this server is to make Protein Modelling
accessible to molecular biologists worldwide.

RESULTS

The comparison of human TSH protein
sequences GenBank:AAA36782.1, AAB05845.1, and
GenBank:AAA61235.1 with Mus musculus, Bos
taurus, Canis lupus familiaris, and Cyprinus carpio
indicated protein similarities of 86%, 89%, 50%,
and 47% respectively (Figure 2).

Figure 2 - Proteic homologies between GenBank: AAA36782.1 and: GenBank: AAA404941, GenBank: AAA307961,

GenBank: AAD42900.1, GenBank: BAA20082.1.
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We performed a phylogenetic analysis of the
TSH (Figure 3), and phylogram of the maximum

Figure 3 - Phylogenetic analysis of the TSH

likelihood relationships between TSH coding
sequences of five representative species.
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THYROTROPIN BETA SUBUNIT [HOMO
SAPIENS]

The human TSH beta-subunit gene structure had
4.5 kilobases (Kb) in size and it was separated into
three exons. Primer extension analysis has one

Figure 4 - The human TSH beta-subunit gene structure

transcription starting point and S1 mapping analysis
with two blocks of polyadenylation sites in normal
pituitaries. The 5'-flanking region contained two
‘TATA' boxes, two ‘CAAT’ boxes, and two sequences
similar to the cyclic AMP-responsive elements

(Figure 4).04
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THYROTROPIN [MUS MUSCULUS]

The mouse TSH beta-subunit gene structure had
4.8 Kb in length and contained five exons, which are
27, 47, 41, 163, and 328 base pairs long. Exons 1, 2,
and 3 encode only 5'-untranslated mRNA sequences
and were separated by introns that were 150 and
380 base pairs long. The protein-coding mRNA

sequences were found in exons 4 and 5, and they
were interrupted by a 460-base pair intron. The
position of this intron, between the codons for
amino acids 34 and 35, has been conserved in all
known glycoprotein subunit genes_of hormone
beta. A large 3.2-Kb intron separated exons 3 and
4. Each start site in the mouse gene was flanked by
characteristic TATAA box and CAAT box sequences
(Figure 5).09
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Figure 5 - The mouse TSH beta-subunit gene structure
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THYROTROPIN SUBUNIT BETA [BOS
TAURUS]

The beta subunit of bovine TSH gene structure
untranslated
region of thyrotropin beta subunit mRNA and 60
nucleotides coding for an NH2-terminal precursor

had 35 nucleotides from the ¢

segment. This was followed by 339 nucleotides
that code for the published amino acid sequence
of the thyrotropin beta subunit. Following the
339 nucleotide beta subunit coding sequence, no

Figure 6 - The beta subunit of bovine TSH gene structure

termination codon was encountered for another 15
nucleotides. Thus, the cDNA codes for a thyrotropin
beta subunit contain an additional 5 amino acids at
the COOH terminus. The cDNA also contained 82
nucleotides of 3’ untranslated sequence followed by
a short poly(A) segment. The NH2-terminal peptide
is a signal peptide. The possible significance of the
additional amino acids at the COOH terminus is
not clear, but they are essential for the biological
activity of TSH-beta (Figure 6).09
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THYROTROPIN ALPHA SUBUNIT [CANIS
LUPUS FAMILIARIS]

The alpha subunit of canine TSH gene structure
had a sequence of 96 amino acid matures, and a

Figure 7 - The alpha subunit of canine TSH gene structure

sequence encoding a 24 amino acid signal peptide.

The analysis showed that the canine alpha subunit
TSH potentially contained five disulfide bonds and
two oligosaccharide chains N-linked to Asn residues

located at positions 56 and 82 (Figure 7).(7
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THYROTROPIN BETA SUBUNIT
[CYPRINUS CARPIO]

The beta subunit of carp TSH gene structure had a
sequence of 19 amino acid residues and a mature
TSH beta subunit protein of 131 residues. The full-

Figure 8 - The beta subunit of carp TSH gene structure

length sequence consisting of 3’ and 5’ untranslated
regions had 585 bp long. Oligonucleotide primers
were designed from the sequenceof the common
carp carp. The full-length sequence was then
obtained by 3’ and 5’ rapid amplification of cDNA
ends (Figure 8).0®
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DISCUSSION

The present study investigated phylogenetic
relationships between human TSH sequence and
TSH coding sequences of five other significant
species. Each one of the five species shows
significant bootstrap value in support of a
phylogenetic relationship to the human TSH. The
results indicate that the species share a common
evolutionary trait.

The human TSH is a member of the glycoprotein
hormone family derived from heterodimerization of
a common a subunit with hormone-specific beta
subunits. The genes encoding the common alpha
subunit with hormone-specific beta subunits are
present as single copies and in humans are located
on chromosomes 6 and 1, respectively. TSH is
essential for the production of iodothyronines by the
thyroid gland and disorders of the pituitary-thyroid
gland-thyroid hormone axis lead to disturbances of
essentially all metabolic pathways and organs.(9

The structure of the human TSH-beta gene is
very similar to the previously characterized TSH-
beta genes from mice.®® In mice, the TSH-beta
subunit gene is localized on chromosome 3. The

comparison of our phylogenetic trees with those
obtained in previously published studies revealed
similar subclusters with high protein homology.

The humans are closer to mice than to cows,
cows and humans have sufficient DNA sequence
similarity to enable us to map the human genome
almost entirely onto cow. Previous studies based on
mapping data showed that human and cows have
approximately 201 homologous blocks of DNA.®
Regarding the similarity between the human TSH
and the Bos taurus TSH protein, in the present
study BLAST searches of the GenBank database
confirmed the Bos taurus TSH protein is highly
similar to human TSH. When the TSH subunit beta
[Bos taurus] sequence was used as a query our study
presented 89% of similarity with the thyrotropin
beta subunit [Homo sapiens] protein.

The domestic dog, Canis lupus familiaris, is a
useful model organism for genetic, physiological,
and behavioral studies. The gene encoding the TSH
beta subunit of canine was already cloned from the
canine genomic DNA by direct polymerase chain
reaction using primers that were designed based
on the consensus sequences from other species.
@3) Regarding the similarity between TSH human
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and TSH alpha subunit [Canis lupus familiaris],
our study with BLAST searches of the GenBank
database confirmed that the Canis lupus familiaris
TSH protein is relatively similar to TSH human.

In common carp [Cyprinus carpio] the functional
endocrine thyroid is associated with renal tissues.
@4 Comparison of the structure of the TSH subunit
beta [Homo sapiens] with the fish protein shows
that the TSH subunit beta [Homo sapiens] is almost
the same®). In our study, the phylogenetic tree
constructed from amino acid sequences suggest
a closer relationship between the TSH human and
carp [Cyprinus carpio].

In conclusion, this study demonstrates that
human TSH is structurally related to TSH of the
species analysed Bos taurus, Mus musculus, Canis
lupus familiaris and Cyprinus carpio, respectively.
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